1. Introduction {#sec1-1}
===============

Endothelial keratoplasty is a surgical procedure used to treat endothelial dysfunction, leaving the recipient\'s anterior cornea intact.[@ref1][@ref2][@ref3] Many studies have shown that endothelial keratoplasty offers numerous advantages compared with full-thickness corneal transplant, including faster visual rehabilitation, better postoperative refractive outcomes, refractive stability, and less complications.[@ref3][@ref6][@ref7] The Descemet stripping automated endothelial keratoplasty (DSAEK) technique is widely performed by corneal surgeons, however, many variations of the technique have been developed in an attempt to improve the results and to reduce the possible complications, such as donor dislocation, primary graft failure, and pupillary block.[@ref5][@ref8][@ref9]

The critical aspect of this procedure is the correct positioning of the graft while avoiding, as much as possible, iatrogenic endothelial damage of the donor graft. One variation of the technique requires insertion of the donor graft through a scleral incision while placing the disk on a spoon-shaped glide covered with viscoelastic material to protect the donor endothelium.[@ref1][@ref8][@ref10][@ref11] Another technique involves folding the lenticule and placing the folded tissue with noncompressing forceps into a small (≤5 mm) corneal or scleral incision.[@ref12][@ref13]

In addition, some surgeons have proposed the use of an intraocular lens cartridge in which the graft is rolled into a compact shape to avoid compressive forces that occur from folding.[@ref14][@ref15]

In a previous study, we described a new technique developed in our center to introduce the donor tissue into the recipient eye using a double-armed 10-0 polypropylene, nonabsorbable suture, with a straight transchamber needle and half-circle needle (polypropylene, blue monofilament, PAIR PAK; Alcon Surgical, Milan, Italy).[@ref16]

In this study, we report our clinical experience and 4-year follow-up results of DSAEK with the suture pull-through insertion technique.

2. Materials and methods {#sec1-2}
========================

DSAEK was performed in 195 eyes of 168 patients between 2007 and 2011 at Misericordia Hospital. Preoperative diagnoses included Fuchs endothelial dystrophy, pseudophakic bullous keratopathy, and failed penetrating graft. All surgeries were performed by one surgeon (V.S.). Each patient read and signed an informed consent document. The study was conducted in accordance with the tenets of the Helsinki Declaration.

We obtained the precut tissue for all patients from the Italian Eye Bank of Mestre, Venice, Italy, and the tissues were dissected at their eye bank. The average thickness and diameter of the tissue obtained were 150 μm and 10 mm, respectively. The tissues were preserved in Edinburgh University Solution of Lime-C (EUSOL-C) solution.

The surgical technique was described previously.[@ref13][@ref16] We decided to use a donor disk that was most suitable for the size of the recipient cornea. Thereafter, we used donor disks that ranged from 7.75 mm to 8.5 mm in diameter. A bent needle Cystotome was used to perform descemetorhexis. A reverse Sinskey hook was used to peel the Descemet membrane from the posterior stromal surface. Using a corneal blade (dual bevel 4.1-mm angled implant knife; Alcon Surgical), a 4.1-mm clear corneal incision was made ([Fig. 1](#F1){ref-type="fig"}). The Descemet membrane and the endothelium were removed from the anterior chamber using toothless forceps.

![Clear corneal incision using a 4.1-mm corneal knife.](TJO-5-114-g001){#F1}

The donor tissue was brought into the operative field, and a corneal punch (corneal trephine program; Newtech, Florence, Italy) was used to cut the lenticule and separate it from the anterior flap. A small amount of viscoelastic material (HEALON; Bausch and Lomb, Florence, Italy) was placed on the endothelial surface. The donor tissue was folded into an asymmetric 60/40 taco shape with the endothelial side inward to ensure that the endothelial layer remained protected (Figs. [2A](#F2){ref-type="fig"} and [2B](#F2){ref-type="fig"}). Once the donor graft was folded, the half-circle needle of a double-armed 10-0 polypropylene, nonabsorbable suture was passed through the apex of the folded graft. The suture was passed superficially through the stroma at the distal end of the donor tissue, avoiding the endo-thelium. The suture end was tied to itself to create a loop (Figs. [3A](#F3){ref-type="fig"} and [3B](#F3){ref-type="fig"}), and the small needle was cut off and discarded. We bent the straight transchamber needle to 120° and passed it through the 4.1-mm corneal wound in the recipient, across the anterior chamber, and out of the opposite limbus, if possible through the pre-placed stab incision at the 6 o'clock position ([Fig. 4A](#F4){ref-type="fig"}).

![(A) Fold of the donor lenticule after protecting the endothelial surface with a small amount of ophthalmic viscoelastic material. (B) Asymmetric 60/40 taco shape of the donor lenticule.](TJO-5-114-g002){#F2}

![(A) Half-circle needle passed through the stromal face of the fold of the socalled taco. (B) Suture tied to create a loop large enough to facilitate its cutting after insertion.](TJO-5-114-g003){#F3}

![(A) Straight needle passed through the 12 o'clock limbal incision exiting at the 6 o'clock limbus. (B) Donor lenticule inserted through the 4.1-mm corneal incision into the anterior chamber.](TJO-5-114-g004){#F4}

An irrigation and aspiration cannula tip was placed in the anterior chamber, and extensive irrigation and aspiration with balanced salt solution (BSS) was performed to remove all the viscoelastic material. To insert the donor tissue, we used a smooth forceps to grasp the suture that was passed through the cornea at the 6 o'clock position to drag the donor tissue into the anterior chamber ([Fig. 4B](#F4){ref-type="fig"}). A 10-0 nylon suture was then used to close the 4.1-mm corneal incision. BSS was then gently injected into the anterior chamber through the side paracentesis to unfold the donor tissue and deepen the anterior chamber ([Fig. 5](#F5){ref-type="fig"}). Air was injected into the anterior chamber to replace the BSS and attach the donor tissue with the recipient cornea. If the donor disk was not perfectly centered, a reverse Sinskey hook was used to position the donor tissue. Using a spatula, we compressed the central epithelial surface of the recipient cornea from the center toward the periphery to squeeze out all fluids from the donor--recipient interface. Once the donor tissue was centered and adherent to the recipient cornea, the double-armed suture was cut and removed using a smooth forceps. An air--BSS exchange was performed, and an air bubble (as big as possible) was left in the anterior chamber to promote donor tissue adherence ([Fig. 6](#F6){ref-type="fig"}).

![Opening of donor lenticule with a gentle irrigation of balanced salt solution irrigation.](TJO-5-114-g005){#F5}

![Air injection into the anterior chamber to facilitate donor tissue adhesion.](TJO-5-114-g006){#F6}

The patients were instructed to lie in the supine position. They were examined using a slit lamp every 2hours to ensure that the air bubble was above the lower pupillary border to prevent pupillary block.

The progress of patients was followed for 4 years. Central endothelial counts were measured using a corneal confocal microscope (ConfoScan 3; Nidek, Padova, Italy) annually up to 4 years after the surgery.

2.1. Statistical analysis {#sec2-1}
-------------------------

Data were tested against the null hypothesis that they are normally distributed. Two normality tests were used (chi-square and Kolmogorov--Smirnov), and both rejected the null hypothesis (*p* \< 0.01). Thus, statistical methods for comparing means of two or more groups based on the normality assumption, such as *t* test and analysis of variance, could not be used. Instead, procedures derived for nonparametric and semiparametric models were applied. These are often called "robust procedures" because they are dependent only on very weak assumptions.

Data are represented by box plots introduced by Tukey.[@ref17] This is a useful and widely used graphical technique to explore and compare data of different groups.

The confidence interval of the median is calculated based on the first and third quartiles, following McGill et al,[@ref18] and it is displayed by a notch. The width of a notch is computed, and box plots whose notches do not overlap have different medians at the 5% significance level.

3. Results {#sec1-3}
==========

The 195 eyes in this retrospective, nonrandomized series were from 168 patients with a mean age at surgery of 68 ± 10 years (range 31--90 years). Ninety (46%) of the eyes were from male patients, and 105 (54%) were from female patients. In total, 137 (70.2%) eyes required DSAEK surgery owing to Fuchs dystrophy, 49 eyes (25.1%) owing to pseudophakic bullous keratopathy, and nine eyes (4.6%) for failed penetrating graft.

None of the patients had any intraoperative complications. No patients needed conversion to penetrating keratoplasty (PK).

Of the 195 eyes enrolled into this study, 195 eyes (100%) were available for examination at 1 year, 186 eyes (95.3%) at 2 years, 176 eyes (90.2%) at 3 years, and 160 eyes (82%) at 4 years. The loss of data was due to the fact that many patients were from other regions or were too ill to return for follow-up.

The median preoperative donor endothelial cell density was 2688 cells/mm^2^ with an interquartile range (IQR) of 207.5 cells/mm^2^. Endothelial cell density decreased to 1956 cells/mm^2^ (IQR 264.8 cells/mm^2^) at 1 year postoperatively, representing a 27% cell loss ([Table 1](#T1){ref-type="table"}). From 1 year to 2 years, the endothelial cell density changed significantly with an additional 4% cell loss (31% overall loss) to 1855 cells/mm^2^ (IQR 320.5 cells/mm^2^). From 2 years to 3 years, the endothelial cell density decreased by another 4% (35% overall loss) to 1756.5 cells/mm^2^ (IQR 306.5 cells/mm^2^). At 4 years of follow up, there had been a 36% loss of endothelial cells (1709.5 cells/mm^2^, IQR 288.0 cells/mm^2^). The notches of the box plots indicate that all medians are significantly different from each other (*p* \< 0.05), except for Years 3 and 4, for which the notches overlap ([Fig. 7](#F7){ref-type="fig"}).

###### 

Summary of endothelial cell density (cells/mm^2^) after DSAEK.

                                                     Preoperative       Postoperative                                              
  -------------------------------------------------- ------------------ ------------------ ------------------ -------------------- --------------------
  Median of endothelial cell density (cells/mm^2^)   2688 (*n* = 177)   1956 (*n* = 177)   1855 (*n* = 177)   1756.5 (*n* = 177)   1709.5 (*n* = 177)
  IQR (cells/mm^2^)                                  207.5              264.8              320.5              306.5                288.0
  Relative cell loss                                 --                 27%                31%                35%                  36%

DSAEK = Descemet stripping automated endothelial keratoplasty; IQR = interquartile range.

![Box plot of endothelial cell density over the 4-year follow-up period. On each box, the inner line is the median and the edges of the box are the 25^th^ and 75^th^ percentiles (also called first and third quartiles and indicated as q1 and q3, respectively). The whiskers extend to the most extreme data points not considered outliers, and outliers are plotted individually using a plus sign (+). The area between the first and third quartile is the interquartile range and it gives a measure of statistical dispersion of the data. The whisker length, *w*, has been set to 1.5, corresponding to approximately ±2.7σ and 99.3% coverage if the data are normally distributed. Points are drawn as outliers if they are larger than q3 + w(q3 -- q1) or smaller than q1 -- w(q3 -- q1).](TJO-5-114-g007){#F7}

We had three cases (1.5%) of graft failures. In the first case, the patient was glaucomatous, used three kinds of eye drops, underwent cataract surgery 1 year after DSAEK, and he poorly complied with therapy for Chandler syndrome. The second case had recurrent rejection episodes. The third case developed a herpetic endotheliitis, which was initially misdiagnosed. The patient had no history of previous herpetic disease. The diagnosis was confirmed by polymerase chain reaction from the replaced tissue. Regrafting was necessary in all three cases.

There were nine cases (4.6%) of donor detachment that needed anterior-chamber air bubble injection on postoperative Day 1. The air injection was done in a minor surgery room under an operating microscope with a 30-gauge cannula. Air was left in place, and the patient was asked to lie in the supine position. With the rebubbling, we achieved total resolution of graft dislocation and reduction of corneal edema.

Pupillary block was present in 15 eyes (7.7%), however, in all cases, it was possible to resolve the block by evacuating air from a previously placed paracentesis site with a spatula in front of a slit lamp. The amount of air evacuated was just sufficient to resolve the blockage while retaining enough air in the anterior chamber to prevent the dislocation of the graft. The patient was then asked to maintain a supine position.

Discussion {#sec1-4}
==========

DSAEK is an evolving technique that has reduced or eliminated many problems related to PK, such as the risks associated with open-sky surgery, high postoperative astigmatism, wound dehiscence, vascularization, and graft rejection. However, the factors that limit the success of this surgery seem to be an increased rate of endothelial cell loss (ECL) and a high rate of graft dislocations.[@ref6][@ref7][@ref19]

In this study, we tested a method of inserting the donor lenticule using a traction suture. The advantages of our method include not crushing the lenticule with forceps, lower insertion trauma, and easier unfolding. Moreover, our technique does not require an anterior-chamber-maintainer device, peripheral iridectomy, or superficial corneal stab incisions; in our experience, this has facilitated intraoperative maneuvers and reduced complications in the postoperative period.

One of the most critical aspects of the DSAEK procedure is the insertion of the donor lenticule into the anterior chamber through a small incision. Lee et al[@ref6] reviewed 34 articles about DSAEK and outlined an average ECL of 37% at 6 months and 42% at 12 months, using a variety of insertion techniques. Ang et al[@ref20] compared the endothelial cell damage using two DSAEK insertion techniques, and showed that the ECL was greater using the Sheets glide technique (29.5% at 1 year; 35.7 at 2 years) compared with the EndoGlide insertion technique (16.3% at 1 year; 23.8% at 2 years). No significant differences in terms of ECL were found by Wendel et al[@ref21] between the bifold forceps insertion technique (42.5% at 1 year) and the cartridge injector suture pull-through insertion technique (51.4% at 1 year). By contrast, Foster et al[@ref22] found that the use of an injector device has a decreased ECL compared with a trifold forceps technique.

A comparison between DSAEK outcomes and PK from a Cornea Donor Study showed a higher ECL with DSAEK at 1 year post-transplantation.[@ref23] By contrast, Lee et al,[@ref6] upon reviewing 34 articles about DSAEK, noted that ECL with DSAEK seems higher than PK at 6 months, but equivalent to PK at 12 months. A 3-year postoperative outcomes comparison between DSAEK and PK from the Cornea Donor Study has also been realized. This study showed an ECL comparable between the two groups, and that a 5-mm DSAEK incision width was associated with significant cell loss compared with the 3.2-mm incision.[@ref24] Nevertheless, the Cornea Donor Study reported an overall cell loss of 69% (donors aged 12--65 years) and 75% (donors aged 66--75 years) at 5 years after PK.[@ref25]

In our study, we noted a 27% cell loss 1 year after the surgery, mostly comparable with the data for the other technique. As shown in [Fig. 7](#F7){ref-type="fig"}, the endothelial cell density decreased over time, achieving a 31% cell loss at 2 years and a 35% cell loss at 3 years, with statistically significant decreases. The ECL tended to stabilize, however, and at 4 years after the surgery, the decrease of 36% was not significantly different from the 3-year value.

Another point worth mentioning is that 98.4% of all the corneas (192 eyes) in our series were clear after 4 years, demonstrating that the limiting factor is not the absolute number of endothelial cells but the functionality of the residual cellular pump.

Other limitations of DSAEK are the high rate of donor dislocation and the risk of pupillary block. The American Academy of Ophthalmology report[@ref6] highlighted the posterior graft dislocation as the most common complication while performing DSAEK (mean 14%, range 0--82%). Consequently, various techniques have been devised to minimize these complications. For example, to avoid donor dislocation, Gorovoy[@ref5] devised a technique in which an air bubble that fills the entire anterior chamber is placed at the end of surgery, leaving the bubble in place for 1 hour. The air is then partially evacuated through a previously placed paracentesis site, while the patient is positioned in front of a slit lamp. The dislocation rate in this series of 16 patients was 25%; pupillary block was not assessed in this study. Koenig and Covert[@ref26] reported a dislocation rate of 35% in their series of 26 eyes undergoing DSAEK using a 4.2-mm access incision for insertion of an 8.5-mm donor disk, with approximately half of the air bubble removed at the end of surgery. They used a temporal intraoperative peripheral iridectomy with a case of pupillary block.

Price and Price[@ref9] modified their original technique using fenestration incisions in addition to corneal surface massage to remove the interface fluid before the end of surgery. The rate of dislocation was reduced from 50% in their first 10 cases without using these maneuvers to 10.5% (21/200) when combining these two modifications. Terry et al[@ref27] advocated a technique of peripheral recipient bed scraping to promote donor adherence leaving a residual supportive air bubble, which was freely mobile and ≤9 mm in diameter. They had a 1.5% dislocation rate in their series of 200 consecutive cases, without a single case of pupillary block.

In our study, we had a low rate of dislocation (4.6%) over 4 years. This low rate was likely due to several factors. First, we performed a manual dissection of the Descemet membrane from the posterior stromal surface with a reverse Sinskey hook. This would create a rough surface with exposed stromal fibrils that aid the donor attachment, as described by Terry et al.[@ref27] In addition, attachment of the donor disk is favored by the introduction of as much air as possible into the anterior chamber at the end of surgery ([Fig. 8](#F8){ref-type="fig"}).

![Day 1 postoperative slit-lamp photograph showing injection of air into the anterior chamber at the 12 o'clock incision and the complete adherence of donor lenticule.](TJO-5-114-g008){#F8}

The presence of air in the anterior chamber increased the risk of pupillary block, which occurred in 15 eyes (7.7%). However, in all 15 cases the pupillary block was resolved by evacuating air from a previously placed paracentesis site with a spatula in front of a slit lamp. For resolution of such blocks, it is important that the patient is monitored every 2 hours during the 1^st^ day after the surgery.

During the insertion, we did not use an anterior-chamber maintainer because the corneal incision of 4.1 mm is sufficient to prevent the collapse of the anterior chamber. This represents another advantage of our proposed technique, reducing the incidence of intraoperative complications and graft dislocation.

In conclusion, DSAEK is a more appropriate procedure to replace diseased or damaged endothelium, rather than performing a full-thickness corneal transplant. In this series, we introduced the donor tissue using a double-armed suture. This procedure represents a simplified and safe technique that provides ECL comparable with other techniques described previously. Suture pull-through insertion of the graft donor in DSAEK has several advantages, including lower rates of intraoperative and postoperative complications, a shorter learning curve, and contained costs. However, long-term follow up is necessary to confirm these encouraging data.
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